Ultrashort-pulsed lasers are nowadays widely employed to steer electrons on time scales that are orders of magnitude shorter than those of the existing electronics devices. For example, photoemission by femtosecond pulsed lasers generates free electrons that are confined within the laser pulse durations. It is tempting to utilize these pulsed electrons as carriers in electronic devices because the capability to trigger them by laser pulses bares the potential to overcome the limitations of the operation speed of present electronic devices. The concept of using free electrons as carriers resembles classical vacuum-tube devices, in which electrons emitted via thermionic emission are employed as carriers. The functions of the tube devices are achieved via control of the potential of electrodes that determine the trajectories of these electrons, which is readily applicable to control those of the laser triggered electrons as well.
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As a step toward creating device structures out of laser-triggered photoelectrons, we demonstrate a nano-scale vacuum-tube diode consisting of two metal nano-tips, which work as laser-triggered cathode and anode. To minimize the traveling time, the two tips were approached down to 350 nm in distance. For such a small distance, both tips are illuminated by the laser pulses, and thus we need to distinguish the two tips by introducing an asymmetry in a controlled manner. Here we propose a method to employ metal tips with different radii to distinguish the different elements of the diode. This is because the optical near field is enhanced around each tip apex, and this enhancement is more prominent for a sharper tip. We employed this tip-radius dependence of the near-field enhancement to realize a diode structure consisting of two metal nano tips facing each other. Namely, the radius of one tip (4.4±0.8 nm) was smaller than the other tip (20.4±0.8 nm). Due to the stronger field enhancement at the sharper tip, its electron emission yield was much larger than that of the other tip, although both tips were within a same laser spot. One laser pulse with a peak intensity of 4.7×10 11 W/cm 2 triggers photoemission of ~16 electrons from the sharper cathode tip, while emission from the blunter anode tip is suppressed by 19 dB to ~0.2 electrons per pulse. The electrons propagate from the cathode tip to the anode tip.
When a bias voltage is applied between the two tips, this one-way current showed rectifying behavior to the bias voltage. This diode device operates on sub-picosecond timescales, owing to the short duration of the electron emission process, the comparably high initial kinetic energy of the emitted electrons (~5 eV), and the sub-micron distance between the two electrodes.
To summarize, we controlled electron emission properties of metal nano tips by tuning their tip radii to exploit the optical near fields, and achieved diode operation employing two metal tips with different radii. 
